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Thyroxine Plus Low-Dose, Slow-Release Triiodothyronine 
Replacement in Hypothyroidism: Proof of Principle 
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Studies in liTpothyroid rats show that, when infused ^vith a combinatiQn of thyroxine (14) plus triiodothyro- 
nine (13) to nomialize {hyrotiopin (ISH), euthyioidism in aU organs is only ensured witen T4 and T3 are ad- 
. ministered in a ratio as nonnaUy secreted by the rat thyroid. As substitution %vith T4-only results in an abnor- 
mal serum T4/T3 ratio^ it is also possible that in humans, euthyroidism does not exist at the tissue level in many 
organS/ considering that iodothyronine metabolism in the human and the rat share many similar mechanisms. 
Recent reports in which cognitive function and well-being are compared in patients with primary hypothy- 
roidism substituted with T4-only versus substitution with T4 plus T3 result in controversial findings in that ei- 
ther positive or no effects were found. In all ttiese studies T3 was used in the plain form that results in non- 
phy^ogic serum T3 peaks. In these studies it is suggested that substitution with T3 should preferably be 
performed with a preparation that sbwly releases T3 to avoid these peate* In ttie study reported here we show 
that treatment of hypodijnroid subjects with a combinatioi) of T4 plus slctw-release T3 leads to a considerable 
improvement of serum T4 and T3 values, the T4/T3 ratio ^iid serupi TSH as compared to treatment with T4- 
only. Serum T3 administiation with slow-rdease T3 did not shoiv serum peaks, in contrast to plain 73. 



tntroductlon 

THE iNiRODUcnoN OF synlhctic levothyroxine for thyroid 
homione replacement therapy'several decades ago sig- 
nified an important improvement over the use of desiccat^ 
thyroid powder that contained thyroxine (T4) plus tri- 
iodothyronine (Ta) in a varying ratio because it was onty 
standardized in its iodine content Recent interest to return 
to a now stable T4/T3 oombination that mimics normal serum 
thyroid function parameters as dosely as possible, stimu- 
lated studies comparing the effects of substitution ^vith T| 
alone versus a fixed T4/T3 combinatiorL Ihese studies 
showed different restdts. Thus podtive effects on health and 
w'ell-belng (1-3) as well as ineffectiveness (4-^ or even neg- 
ative effects in some parameters (4) were noted. In two edi- 
torials (7^) the pro and coi>s of Utese studies are discussed 
and suggestions were made for future studies to solve the 
discrepant findings. One of these recommendations is the 
use of T3 in sustained release maimer- Tlain" T3 is rapidly 
absorbed into the bloodstream and also because of its short 
half-life of approximately 1 day, results in mwanted non- 
physiologic serum peaks (9). Already in 1993 in a review on 
the use and misuse of thyroid homumc it was staled: Per- 
haps the truly ideal substitution therapy lor hypothyroidism 
might be a comlnnatlcm of LTi, and LTa in a careifiiliy de- 



termined ratio and in a form in which the LT3 is slowly ab- 
sorbed in a time-released form" (10). 

In the present study we therefore addressed the follo^ving 
questions: (1) does a once-daily treatment ivith T4 and slow* 
release (SR) T3 lead to a constant serum T3 level %vithoutp6aks 
and (2) does the use of a combination treatment of T4 plus 
SR-Ts in a specific ratio results in normalization of serum thy- 
. rotropin (TSH) T4, and T3 concentrations? To these ends, pa* 
tients treated ividi levothyroxine (LT4) only for primary hy- 
pothyroidism were switdied in an open, random, crossover 
marmer to two regimens of substitution with a combination 
preparation of T4 + plain (PL) T3 and T4 + SR-T3. 

Materials and Metliods 
Pailenis 

Indizsion criteria were: patients of either gender with pri- 
mary hypothyroidism, using between 100 and 175 >ig LT4 
(Thyrax*, Organcm BV, The Netherlands), preferably 150 /ig, 
for at least 3 months* Ihey should otherwise be healthy. Each 
patisit gave wriUen informed consent Exclusion criteria 
wens the use of any other medication and age of 80 years 
and above. 

^ghteen patients were selected, fulfilling the inclusion cri- 
teria. One pattent was excluded because of vaso-vagal col- 
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lapse after (the first) vena-puncture, 1 patient because of a 
car accident and subsequently ho^itSlization duiiz^ fiie 
study, and 1 patient because of improper use of study med- 
ication. Ihe 15 Included patients consisted of 12 females and 
3 males, with a mean age of 50 years (range 26-79 years). 
Fourteen patients were using 150 ^tg LT4 daily and 1 patient 
used 125 /ig LT( daily. The causes of primary hypothyroidism 
were: treatment for Graves' disease, Hashimoto's thy- 
roiditiS/ congenital hypothyroidism^ neck irradiation for 
Hodgkin's disease and subtotal thyroidectomy for nodular 
goiter. 

Stud/ design 

Three 6-week periods were discerned. In the first 6 weeks 
the patients were k^t on their LT4 dose that they were us- 
ing before. Then patients were switched either to a combl* 
nation therapy contaiiung 125 Mg T4 (Thyras^, Oiganoxi BV) 
and 6 /tg FL-Ta (inhouse normal release preparation using 
Cytomd® as T3 compound) daily, or to a combination ther- 
apy containirig 125 MS '^•c ^ ^ Mg SR-T3 (in-house slow-re- 
lease preparation and using C^toinei® as T3 compound) The 
combination treatments were performed in a randomized 
crossover design. During the sixth week of each study pe- 
riod, one blood sample was taken on day 3, and 5 serial blood 
samples were taken on day 5 at 8.-Oo!am (Le., 15 minutes be- 



fore ix^estian of the medication), axul at 09:45, 11:15, 2d5, 
and 5:15* Mean serum T4 and Ts €U\d median serum TSH eon- 
centtatimis were calculated from the fifih day samples. It ap- 
peared that the Ti,T3/ and TSH values on die thini day did 
not differ significantly from ^ose on the fifth day at time 
point —15 minutes, indicating that equilibrium was reached. 
Patients were at rest at least half an hour before each blood 
sample was taken. 

Laboratory methods 

Serum T4 and T3 were measured by in-house radioim- 
munoassay (RIA); TSH by Amerlite 30 Ametsham, United 
IGngdom.Wi(hin^assaycx)effidenls of variation \veie2%-^ 
lor T4, 2%-6% for and 2*5% for TSH. 

Calculations 

Statistical analysis was either done with the paired two 
tailed test for T4/ T3, T4/T3 ratios, the maximal concentra- 
tion of T3 (Cbiu), the time of the maximal concentration 
(tmax),and the area imder the T3 curve J&omO to 24 hours 
(AUCo-24) or with the Marm-Whitney tivo-taOed test for 
TSH. The AUQ^j^ was calculated by means of the linear 
trapezoidal rule, taking the predose value as the 24rhour 
point 
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FIG. 2. Mean of serum thyroxine (T4; A), 
triiodothyronine QTa; B) wad median thy- 
rotropin (ISH; C) of all subjects/ during 9- 
hours sampling at the fifth day of the sixth 
treatment week for each of ttie three regi* 
mens. 



Results 

The values of serum T|, Tz, T4/T3 ratio, and T5H, during 
ihe difEierent v^gimenS/ are depicted in Figure lA'-D. In Fig- 
ure 1A« the mean value of T4 during T4-only substitution 
was not significantiy di^erent from the mean T4 during T4 
+ FL-T3 (p = 0 J4), but ^gnificantly higher during T4 + 
SR-T3 {p = 0.025) and in controls (p < 0.0001). The values of 
the combination treatments were not significantly different 
(p = 0.67). In Hgure IB, the mean serum T3 during Ti-only 
treatment was significantly lower than during T4 plus FL-T3 
(p = 0.0016)^ T4 plus SR-T3 (p = 0.026) and in controls {p < 
0.0001). The mean serum T3 during T4 plus FLrTs was not 
significantly dififerent firom T4 plus SR-Ts (p - 0.23). Figure 
IC shoivs the mean serum T4/T3 ratio that was significantiy 
higher on Tf-only than on T4 plus FL-T3 (p < aOOOl), T4 plus 
SR-Ts (p < 0.0001) and in controls fp < 0.0001), wlule the 
T4/T3 ratio on T4 plus FL-T3 was sigiUficantly lower than on 
Ti plus SR-T3 (p s 0J026). In Figure ID, the median serum 
TSH on T4-only treatment was not significantly lower than 



on T4 phis PLrT3 (p = 0.11), but ^gnificantly lower than on 
T4 plus SR-T3 (p = Oj033) and than in controls (p < 0.0001), 
while no significant difference was present between the two 
combinaiian preparations (p"*0«14). TSH concentrations 
during treatment with T4 plus FL-Ts and T4 plus SRT3 were 
significantiy lower than in controls (tK)th p < 0.0001). 

In Hgure 2, tiie mean serum T4 (Hg. 2A) and T3 ^g. 2B) 
and median TSH (Hg. 2Q are depicted for all subjects for 
each of ttte three regimens during the 9-hour sampling on 
the fifih day of the ^th study week. It can be seen that serum 
T4 shows a limited but steady rise during sampling in ail 
three treatments without any significant difference between 
them. During T4 plus PL-T3, serum T3 shows a considerable 
peak between 0 and 6 hours, whereas during T4 plus SR-Ts 
no peak is present but a slight rise similar to T4. No sub- 
stantial change in T3 concentrations is seen during Xronly 
tieabnoit The pharmacoldnetics of Ta during both combi- 
nation treatments are depicted in the Table L The data show 
that tiie AUCo^ of T3 during both treatments are virtually 



Table 1. PHmtACOiONEnc Parameieks of Til^OTaIHYRQ^3INE (Mean ± SEM) 



Parameter 


Ti + PLT3 


Ti + Sm 


p value 


Ctaax (nmoI/L) 




'Le7±0M 


a038 


Tm»(li) 


Z2 ± 0S6 


497 ±0.75 


0.032 


AUQk2i h (nmoLh/L) 


37J97±1AS 


36j65±1^ 


a43 



T|, ihyiox!iie;Fi>r3, plain triiodothyronine SR-T> slo\v-rdease tr^^ 
tion; AUCo4v area unaer the curve fzom 0-24 hours; Tnov time point of Coax* 
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flie same, wMe and T« of T3 durix^ the SR-T3 regl- 
men are significantly loiver and later, respectivdv; than dur- 
ing PLTs. 

Discussion 

Substihition of thyroid function %vith LT4 in patients \vith 
primaiy hypolhyroidism, when titrated to normalize serum 
T4, resul ts in a mean serum T3 level that is lower than nor- 
mal. However^ when Ti is adaunislered In amounts to nor- 
malize serum 13,74 parameters will rise tosupranormalconr 
centralions (11,12). Ihe reason for this is that the thyroidal 
contribution to serum T> which is approximately 20% of to- 
tal scrum T3 (13), is laddng in patients wth absent tigroid 
function. Thus, in this situation all plasma T3 is derived ^om 
T4. Hence, in T4 substitution, more T4 has to reach the plasma 
compartment than under normal conditions to ensxire nor- 
mal plasma T3. ConsequenUy, whatever dose of T4 is sub- 
stituted, the serum T4/T3 ratio will always be abnonnal, that 
is, elevated. It has bieen established in rats that the extent to 
which nuclear receptor-bound T3 is derived from plasma T3 
and torn local T3 production torn T4 varies among tissues. 
Ihus, for instance, nuclear T3 in cerebral cortex is derived 
for approximately 80% torn local conveirfon of T4, in pitu- 
itary for approximately 50%, in skeletal musde for approxi- 
mately 40%, and in liver for only approximately 5% (14^15). 
When ra ts are infused with T4 in combina tion wth T3 in the 
same ratio in whidi they are normally secreted, the euthy- 
roid state in all of the many tissues studied is ensured. Any 
variation of this ratio leads to tissue hypothyroidism or hy- 
perthyroidism in various organs (16). 

Althou^ the exact contribution of the difierent sources of 
nuclear T3 in human tissues is unknown, there are many sim- 
ilarities regarding thyroid hormone production and metab* 
olism between rat and humans (17). Therefore, it would not 
be surprising if a amilar ^tuation ^vUh regard to the nega- 
tive tissue effects of an abnonnol plasma T4/T3 ratio would 
exist fai humans as well. For instancy when T| is adminis- 
tered in a dose such that serum T3 is normal, serum T4 pa- 
rameters wiU be increased and serum TSH ^viU be sup- 
^ pressed (18) because thyrotropic nudear T3 occupancy is ' 
^^importantly dependent on plasma T4. 
^ Ihe ratio that we used in this shidy was based on data o^ 
; thyroid hormone secretion and intestinal absoqDtibn in hvM 
mans (19,20). The pharmacokinetics of T3 show that the slo\M 
relcasepreparationisindeedsIowIyreleasingTsm wwasth^ ' 
Tmax occurs significantly later and the Qnax is significantly 
lower than in the case of plain T3. The total amount absorbed 
(see AUQ is the same for both preparations. Despite the feet 
that thyroid function parameters and the T4/T3 ratios im- 
proved substantially in the combination regimens^ th^ were 
still not normal (Rg. l).The combination tiealmcnlivith slow- 
release T3 did not result in a swm T3 peak but only in a slow 
riseofXs after intake^ comparable to that of (Eg. 2a and 
2b). The relative variation of TSH in the feree regimens is not 
different and one could wonder why during T4 plus PLrTs 

scrum TSH fluctuatton is no t at variance ^vith that in the other 
two treabnenls. However, it should be realized that TSH se- 
cretion is importantly dependent on serum T| 04.15), that may 
dilute any effect of serum T3 variations. 

. From this study it is apparent that using a slow-release T3 
preparation, nonphysiologic T3 peaks are avoided. We sug- 
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gest tha t In future studies on the effects of T4 plus T3, only 
sustained release T3 pr^aralions are bang used. 
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